The chromium isotope compositions of 27 metamorphic mafic rocks with varying metamorphic degrees from eastern China were systematically measured to investigate the Cr isotope behavior during continental crust subduction. The Cr isotope compositions of all samples studied were Bulk Silicate Earth (BSE) like, with d 53 Cr NIST979 of greenschists, amphibolites, and eclogites ranging from 20.06& to 20.17&, 20.05& to 20.27&, and 20.01& to 20.24&, respectively. The lack of resolvable isotopic variability among the metamorphic rocks from different metamorphic zones indicated that no systematic Cr isotope fractionation was associated with the degree of metamorphism. However, the Cr isotopic variability among homologous samples may have reflected effects induced by metamorphic dehydration with a change of redox state, rather than protolith heterogeneity (i.e., magma differentiation). In addition, the differences in d 53 Cr (D 53 Cr Cpx-Gt ) between coexisting clinopyroxene (Cpx) and garnet (Gt) from two garnet pyroxenites were 0.06& and 0.34&, respectively, indicating that significant inter-mineral Cr isotope disequilibria could occur during metamorphism. To provide a basis for comparison with metamorphic rocks and to provide further constraints on the potential Cr isotope heterogeneity in the mantle and in the protolith of some metamorphic rocks, we analyzed mantle-derived chromites and the associated peridotites from Luobusa, and we obtained the following general order: chromite-free peridotites (20.21& to 20.11&) < chromite-bearing peridotite (20.07&) < chromite (20.06&). These findings imply potential mantle heterogeneity as a result of partial melting or fractional crystallization associated with chromite.
Introduction
Chromium (Cr), an essential transport metal element, occurs naturally in terrestrial and oceanic reservoirs. Chromium consists of four stable isotopes ( 50 Cr, 52 Cr, 53 Cr, and 54 Cr) with natural abundances of 4.35%, 83.79%, 9.50%, and 2.36%, respectively [Rossman and Taylor, 1998 ]. Cr is a redox-active element and typically presents 13 and 16 valence states in most geological and biological processes. Cr 61 is soluble and mobile in the form of oxyanions CrO 22 4 (chromate) and Cr 2 O 22 7 (bichromate), whereas Cr 31 is usually insoluble and immobile in the neutral pH range, and this valence state is common for Cr in natural rock-forming minerals [Johnson and Bullen, 2004a,b] . Significant Cr isotope fractionation occurs when Cr 61 is reduced to Cr
31
, and the remaining Cr 61 is enriched with heavy isotopes Ellis et al., 2002 Ellis et al., , 2004 Zink et al., 2010] . In the past decade, Cr isotopes have been used as tracers for redox reactions associated with Cr during surficial and environmental processes [Berna et al., 2009; Ellis et al., 2002; Frei et al., 2009 Frei et al., , 2011 Frei et al., , 2013 Wanner et al., 2012a,b] . Under high-temperature and low-fo 2 conditions, Cr 21 might be dominant in planetary and terrestrial basaltic melt, as well as in mantle olivine [Bell et al., 2014; Berry and O'Neill, 2004; Berry et al., 2006; Eeckhout et al., 2007] . Until now, only a few studies have focused on high-temperature Cr isotopic behavior because the degree of fractionation that occurs during high-temperature geological processes might be suppressed compared to that during low-temperature processes, as suggested by theoretical predictions [Johnson and Bullen, 2004b; Schauble et al., 2004] . High-precision Cr isotope analyses by TIMS and MC-ICP-MS instruments could resolve small variations in Cr isotope fractionation resulting from middle to hightemperature metamorphic processes [Qin et al., 2010; Schiller et al., 2014; Trinquier et al., 2008] .
ments of heavy Cr isotopes by metamorphism. As with the chromites in the same study, potential intermineral Cr isotope fractionation was not taken into account, and the net effects on whole-rock Cr isotope composition during metamorphism were not fully assessed.
Iron, another transitional metal with multiple valence states, showed significant isotope fractionation at elevated temperatures, which was attributed to the different charges and coordination numbers among different minerals [Beard and Johnson, 2004; Macris et al., 2015; Young et al., 2015; Zhu et al., 2002] . As previously noted, under middle-to-lower crust and mantle conditions, the major valence states of Cr are 21 and 31, and Cr 21 and Cr 31 could substitute for Fe 21 and Fe
, respectively, in mineral crystal lattices [Johnson and Bullen, 2004a; Klein-BenDavid et al., 2011] . The similar properties of Cr and Fe suggest that there might also be Cr isotope fractionation between coexisting minerals. If this is true, Cr isotope behavior during metamorphism needs to be further constrained on the basis of whole-rock Cr isotope compositions with varying degrees of metamorphisms.
To avoid potential inter-mineral isotope fractionation when assessing Cr isotope fractionation behavior during metamorphism, we report herein high-precision whole-rock Cr isotope compositions for a set of wellcharacterized metamorphic mafic rocks from the South China Block and the Dabie-Sulu orogen, eastern central China, with different degrees of metamorphisms ranging from greenschist to eclogite-facies [Wang et al., 2014a] and retrograde metamorphisms from eclogite-facies to amphibolite-facies. The primary goal of this work was to determine whether any Cr isotope fractionation is associated with middle to high temperature metamorphism processes. The results will not only be helpful in understanding the behavior of Cr isotopes during metamorphic dehydration related to the subduction of continental crust, but also provide constraints on the Cr isotope compositions of orogenic belts.
To provide the basis for comparison with metamorphic rocks and to provide further constraints on the extent of Cr isotope heterogeneity in the mantle as well as in the igneous protolith of some metamorphic rocks, we performed Cr isotope analyses of five deep mantle-derived rocks from the Luobusa chromite deposit, including three chromite-free peridotites, one chromite-bearing peridotite, and one chromite from chromitite.
(CDZ), the South Dabie low-temperature and high-pressure metamorphic zone (SDZ), and the Susong complex zone (SZ) [Li et al., 2001; Liu et al., 2007] .
CDZ and SDZ are mainly composed of UHP metamorphic rocks including eclogite, gneiss, marble, and mafic-ultramafic rocks. Eclogites from these two zones occur as lenses or blocks interbedded within orthogneisses, paragneisses, and marbles. Previous studies confirmed that the peak eclogite-facies metamorphic temperature and pressure range between 6508C and 7508C and 2.5 and 3.0 GPa, respectively [Li et al., 1993; Okay et al., 1989; Wang et al., 1989; Xu et al., 1992] . BZ is mainly composed of meta-sedimentary and metaigneous rocks as a passive-margin accretionary wedge formed during continental crust subduction [Li et al., 2001; Zheng et al., 2005] . Metamorphic rocks from this area underwent low-grade greenschist to epidoteamphibolite facies metamorphism during Triassic SCB subduction [Faure et al., 2003; Li et al., 2001; Zheng et al., 2005] . The metamorphic rocks from the three above mentioned zones have similar Neoproterozoic protolith ages (mainly 740-830 Ma) associated with Neoproterozoic rift magmatism in the north margin of the SCB [Hacker et al., 2000; Wu et al., 2007; Zheng et al., 2003 Zheng et al., , 2005 .
Wudangshan is situated at the northern margin of the SCB and comprises abundant Precambrian suites, including the Neoproterozoic Wudang and Yaolinghe groups [Ling et al., 2008 [Ling et al., , 2010 . The Wudang and Yaolinghe volcanic units were dated at 755 6 3 and 685 6 7 Ma, respectively. Both groups underwent Neoproterozoic greenschist-facies metamorphism and lack evidence of subsequent Triassic UHP metamorphism. The Wudang group consists of fine-grain sedimentary beds intercalated with rift-related bimodal volcanic sequences, which represent the protoliths for the meta-volcanic rocks in the Dabie orogen [Ling et al., 2010] .
Luobusa Ophiolite
The chromite ore bodies formed in the Luobusa ophiolite in Tibet, which lay within the Yarlung-Zangbo suture zone, the geological boundary between Asia and India. This ophiolite consists mainly of mantlederived harzburgite, dunite, and sparse lower-crustal cumulates accompanied by minor basaltic pillow lavas and cherts . Diamonds discovered in Luobusa chromitite located the depth of the chromite formation in the mantle transition zone of 410 km to 660 km [Yang et al., 2014] .
Samples
In the present study, we conducted Cr isotope analyses of 27 metamorphic mafic rocks from the Dabie orogen and the Wudang terrane including seven greenschists from the Wudang Group, seven amphibolites from BZ, five low-temperature eclogites from SDZ, and eight middle-temperature eclogites, and one garnet peridotite (11BXL-2) from the Bixiling ultramafic complex in CDZ (Table 1 ). The chemical compositions and whole-rock Mg isotope compositions of these samples have been reported by Wang et al. [2014a] . Furthermore, the Cr isotope compositions of samples from different sections of an eclogite lens within the wall biotite paragneiss from Shuanghe in CDZ ( Figure 1a ) were studied to elucidate the effects of retrograde metamorphism on isotope fractionation. Petrographic features revealed that this eclogite lens could be divided into five segments from the core to the rim, recording peak eclogite-facies to amphibolite facies retrograde metamorphisms (09SH-6-1, 2, 3b, 3a, 4, see Figures 1a-1g ). The coexisting garnets and clinopyroxenes separated from two garnet pyroxenites, 11MW-1 and 11MW-8, from the Maowu metamorphic ultramafic complex in CDZ were studied.
The five mantle-derived samples from Luobusa chromitite in this study consisted of three chromite-free harzburgites (12YK2-5, 12YK2-8, and 12YK2-13), one chromite-bearing harzburgite (12YK1-42), and one chromite (12YK1-20). The harzburgites investigated herein consisted of olivine, orthopyroxene, minor clinopyroxene, as well as accessory mineral assemblage of magnetite (1 chromite).
Analytical Methods
HF-HNO 3 -HCl in Savillex beakers. A capped beaker containing the sample-acid mixture was heated overnight at 1308C on a hot plate in a laminar flow exhaust hood; after the sample was completely dissolved, the solution was evaporated to dryness at 150-1608C. During evaporation, the beakers were loosely capped to avoid cross-contamination and evaporation loss. The dried samples were then completely redissolved in 1 mL of 6 N HCl at 1608C, and the chromite-bearing peridotites and chromites The uncertainties quoted for individual samples are 2SE (internal uncertainty) of single sample measurements (14 blocks and 30 cycles per block) or 2SD reproducibility of several SRM979 measurements in the same analytical session, or the long-term reproducibility of the standard, whichever is largest.
c LOI data are from Wang et al. [2014a] and ICP-MS analyzed data. The d
53
Cr were recalculated relative to NIST SRM 979 according to equation (2). e The Cr isotope compositions of the samples were performed by MC-ICP-MS, the uncertainties represents the large-term 2SD reproducibilities of the Cr standard SCP.
f WR 5 whole rock; Opx 5 orthopyroxene; Cpx 5 clinopyroxene; Gt 5 garnet.
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were redissolved in a mixture of 20 lL concentrated HF and 1 mL 6 N HCl. After complete sample digestion, the Cr concentrations of the sample solutions were analyzed using ICP-MS to ensure that the aliquots to be taken out and mixed with 1 mL 50 Cr-54 Cr double spike ( 50 Cr and 54 Cr concentrations of 2.716 and 1.742 nm/g, respectively) contained 1 lg Cr. The details of this double spike procedure were reported in our previous study [Han et al., 2012] . The sample-spike mixture was dried completely, then mixed with 0.2 mL 6 N HCl and heated at 1308C for 2-3 h in preparation for chromatographic separation. Separation of Cr was achieved through a two-step cation exchange chromatography procedure that has been detailed in Trinquier et al. [2008] and Qin et al. [2010] . Bio-Rad 200-400 mesh AG50-X8 resin was used in both columns. The procedure blanks were approximately 10 ng, which is negligible.
Mass Spectrometry
Purified Cr samples were analyzed using a Thermo Finnigan Triton multicollector thermal-ionization mass spectrometer (TIMS) at the Carnegie Institution of Washington. For these analyses, 400-800 ng Cr was loaded in chloride form (3 N HCl) on outgassed Re filaments with silica gel and saturated boric acid [Qin et al., 2010] . The standards and samples were measured at ionization temperatures between 12708C and 13908C to avoid possible interference at lower and higher ionization temperatures. The eclogite occurs as lenses within the country rock paragneisses; (b) sample 09SH-6-1 consists of coexisting mineral assemblages of garnet (Gt), omphacite (Omp), rutile (Rt), and minor retrograde amphibole (Amp); (c) sample 09SH-6-2 with coexisting garnet and omphacite represents peak eclogite facies metamorphism; (d) and (e) omphacite minerals are replaced by retrogression symplektite of amphibole 1 plagioclase (Pl) in sample 09SH-6-3b and 09SH-6-3a; (f) and (g) replacement of all omphacites and part of garnets with retrogression symplektite of amphibole 1 plagioclase and rutiles with titanite (Ttn) occurs in sample 09SH-6-4.
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3.3. Data Reproducibility A spiked sample of NIST SRM 979 (a chromium chloride) was run 2-3 times at the beginning, middle, and end of each analytical session. The 2SD value of these multiple standard measurements was typically <0.02&, except for one session where this value was 0.03&. The long-term (over 3 months) instrumental reproducibility was determined by repeated measurements of the spiked NIST SRM 979 standard. A compilation of all the standard results is displayed in Figure 2 . The average value of 40 standards was 0.04& 6 0.04& (n 5 40, 2SD) relative to previous determined Cr isotope composition of the same standard (SRM979) by another TIMS used in the double-spike calibration spreadsheet. This small offset was subtracted from the sample measurements, and the reported d 53 Cr values are always relative to SRM 979. Samples were typically analyzed once during each analytical session for 2 h. The internal precision (2SE) on the measured 53 Cr/ 52 Cr ratio, based on 14 blocks of 30 ratios at 8 s integration per ratio was typically less than 0.03&. The error assigned to each sample was the largest value among the following: 2 SE of the individual sample, 2SD of the standard runs obtained in the same session, and long-term instrumental reproducibility (0.04&) ( Table 1) . Another standard, NIST SRM 3112a, was also measured during some analytical sessions for interlaboratory comparison. The average d 53 Cr value of NIST SRM 3112a was 20.09 6 0.04& (n 5 4, 2SD) relative to NIST SRM 979. This value is consistent with the difference between these two standards of 20.07 6 0.05& that was reported in Schoenberg et al. [2008] .
Chromium isotope analyses of six additional metamorphic rock samples were performed using a Neptune MC-ICP-MS at the CAS Key Laboratory of Crust-Mantle Materials and Environments (USTC); an analytical protocol similar to that used for the Triton TIMS was performed. The long-term precision was better than 60.06& (2SD) (n 5 103) for the 53 Cr/ 52 Cr ratios of the Cr elemental standard (SCP). The Cr isotope composition of sample HWD-18 measured by the Neptune MC-ICP-MS (20.09 6 0.06&) was consistent with that measured by the Triton TIMS (20.10 6 0.04&). In addition, the d 53 Cr value of another Cr standard NIST SRM 3112a relative to SCP obtained using the Neptune MC-ICP-MS (20.07 6 0.06&, n 5 29) were identical with those obtained using the Triton TIMS (20.08 6 0.04&, n 5 3). The Cr isotope data are finally adjusted relative to NIST SRM 979 according to the difference between SRM 979 and 3112a by TIMS.
Major and Trace Element Concentrations of Whole Rocks and Minerals of the Shuanghe Eclogite Lenses
The major elemental compositions of whole rocks were analyzed at the Hebei Institute of Regional Geology and Mineral Resources, China, using wavelength dispersive X-ray fluorescence spectrometry [Gao et al., 1995] . Analytical uncertainties were better than 1%. Trace element concentrations were analyzed using solution quadrupole ICP-MS (PerkinElmer ElanDRCII) at the CAS Key Laboratory of Crust-Mantle Materials Geochemistry, Geophysics, Geosystems 10.1002/2015GC005944
and Environments. Analyses of United States Geological Survey rock standards (BCR-2, BHVO-1, and AGV-1) indicated precision and accuracy better than 10% for trace elements and REEs.
The major elemental concentrations of the minerals were determined using an EPMA 1600 (Shimadzu) electron microprobe at USTC. The coupled major and trace elements in the minerals were analyzed using LA-ICP-MS at the State Key Laboratory of Geological Processes and Mineral Resources, China University of Geoscience, Wuhan. The concentrations of major elements obtained using these two methods for the same minerals generally agreed within 5% uncertainty . The accuracies for the USGS standards (BHVO-2G, BIR-1G, and BCR-2G) were better than 5-10% for most trace elements.
Results
Chromium concentrations and isotope compositions of 27 metamorphic rocks, 5 mantle-derived rocks, and the coexisting minerals from two garnet pyroxenites are shown in Table 1 , along with loss on ignition (LOI) data for metamorphic mafic rocks from this work and from Wang et al. (Table 1 and Figure 3) , respectively. In summary, the metamorphic samples showed similar Cr isotope compositions (within uncertainties) to previously published data for mantle-derived rocks [Schoenberg et al., 2008] (Figure 3) . Notably, there were up to 0.2& variations in d The major and trace element concentrations of the Shuanghe eclogite lenses are presented in Table 2 . Table  3 shows the average Cr content of the major minerals and the estimated mineral/rock ratios in volume (%).
Discussion
In a previous study, no resolvable difference in Cr isotope compositions between basalts and mantle xenoliths was observed [Schoenberg et al., 2008] . Thus, the protoliths of the investigated metamorphic mafic Geochemistry, Geophysics, Geosystems Figure  4a . However, the Cr concentrations and isotope compositions of the metamorphic rocks studied herein showed no systematic variations from greenschists to eclogites (Figures 4a-4c -hosting minerals in mafic rocks undergoing different degrees of metamorphism [Johan et al., 1983; Meinhold, 2010; Sobolev et al., 1997; Spandler et al., 2011] . Thus, limited Cr 31 loss might be the main explanation for why no systematic elemental loss and isotope fractionation were present.
Moreover, Shuanghe eclogite lenses revealed an integrated retrograde sequence: peak eclogite facies (core)-transition facies (mantle)-amphibolite facies (rim) (Figure 1 ). The LOI contents of these rocks tend to decrease (Figure 5a ), indicating the loss of significant amounts of water. Combined with a lack of compositional zoning in these major minerals, a significant loss of Cr was not expected to occur. The Cr content of whole rocks and major minerals (Figure 5b ) was most likely inherited from their protoliths. The whole profile was isotopically uniform (20.14& to 20.15&) regardless of variations in the LOI content, chemical composition, and relative proportions of major Cr-bearing minerals (e.g., rutile, amphibole, garnet, and omphacite in Figures 5a-5c ). This evidence further supports no systematic Cr isotope fractionation associated with the degree of dehydration.
In this study, the clinopyroxenes from two metamorphic garnet pyroxenites were 0.06& and 0.34& heavier than the coexisting garnets (Figure 3 ), suggesting inter-mineral Cr isotope disequilibrium in some metamorphic rocks. Because the investigated metamorphic rocks had BSE-like Cr isotope composition, the isotopically heavier metamorphic minerals (e.g., Cr-bearing pyroxene and garnet) reported in a previous study [Farka s et al., 2013] might have resulted from inter-mineral isotope disequilibrium or fractionation and were not necessarily representative of the whole-rock composition.
The Causes for Cr Isotope Variations Among the Homologous Metamorphic Rocks
Although no systematic variations of Cr isotope composition were present, the Cr isotope compositions of the metamorphic rocks within the same metamorphic belt varied significantly (up to 0.2&). 
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Nonrepresentative sampling could be ruled out because 3-5 kg of materials for each whole rock was crushed [Wang et al., 2014a] . Previous works have proposed that interactions between metamorphic rocks and wall marble could alter both Mg and O isotope compositions of some metamorphic rocks [Wang et al., 2014a,b] . This process is unlikely to influence the Cr isotope composition, as the Cr concentration in marbles is very low (<15 ppm, see supplementary material of Wang et al. [2014a,b] ). Processes that may have contributed to the Cr isotope variability with individual metamorphic zones are discussed in the following section.
Metamorphism Dehydration Accompanied by the Change of Oxidation State
In Figures 6a and 6b /RFe ratio for all of the investigated metamorphic rocks (see Table 2 Dehydration of the subducted crust most likely leads to changes in the oxidation state for a water-rock system, regardless of the degree of metamorphism. Previous studies have revealed that the release of redox volatiles from subducted oceanic slab can significantly change the redox state of the residual slab [Groppo and Castelli, 2010; Song et al., 2009] . Despite differences in the volatile compositions between oceanic and continental crusts, changes in valence state can be expected during continental crust subduction. 
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Recently, many studies have reported that Cr 21 is frequently observed in the mafic melt and minerals from Earth and other terrestrial planets over a wide fo 2 (oxygen fugacity) range (with logfo 2 from 0 to 216) at high temperature [Bell et al., 2014; Berry and O'Neill, 2004; Berry et al., 2006; Eeckhout et al., 2007; McKeown et al., 2014] . (Figure 6a ).
Heterogeneous Protolith: Potential Isotope Fractionation During Magmatic Differentiation
Alternatively, isotope heterogeneity in the protolith could account for the variations in Cr isotope composition within individual metamorphic zones. It has been demonstrated that changes in fo 2 during magma evolution could cause isotope fractionation of redox-sensitive elements, such as Fe [Teng et al., 2008] . Wang et al. [2014a] proposed that there was no significant MgO loss during metamorphism in these metamorphic rocks, thus the Mg contents in the metamorphic rocks most likely reflect those in their protolith. The roughly negative correlation between d 53 Cr and Mg# (MgO) suggests that the Cr isotope variability could be due to the protolith heterogeneity, likely as a result of magmatic differentiation (Figures 6c and 6d ).
To further test this hypothesis, the effects of fractional crystallization were modeled by Rayleigh fractionation with average mineral-melt fractionation factors (a mineral-melt ) of 0.9997-0.99995, corresponding to fractionation between mineral and melt (Dd 53 Cr mineral-melt ) of 20.3& to 20.05& (Figure 6d ). Although no experimentally calibrated equilibrium fractionation factor between minerals and melts is currently available, theoretical calculations by Moynier et al. [2011] suggested that Cr
21
-dominated olivine is isotopically lighter than Cr 31 -bearing minerals and melt. Thus, crystallization of olivine can potentially increase the Cr isotope composition of the residue. According to our model, f values as low as 0.3 are required to interpret the spread of our data. However, unlike Fe, Cr is relatively incompatible in olivine (less than 100 ppm). To achieve a low f value of 0.3, an unreasonable degree of olivine crystallization is required. Furthermore, combined with the limited isotope fractionation between mantle peridotites and terrestrial basalts [Schoenberg et al., 2008] , the mineral-melt fractionation factor of 20.3& also seems unrealistic. Thus, fractional crystallization occurring in the protolith alone is not sufficient to explain Cr isotope heterogeneity within individual metamorphic groups.
Comparison of Cr and Mg Isotope Systematics of Subducted Continental Crust
A compilation of Cr and Mg isotope data for the metamorphic mafic rocks is presented in Figure 7 . Wang et al. [2014a] obtained similar Mg isotope compositions for greenschists, amphibolites, and eclogites, and they proposed that Mg isotope fractionation during continental crust subduction is limited similarly to that of Cr isotope. Furthermore, the Mg isotope compositions of amphibolites and eclogites vary significantly, which may result from source contamination, crustal assimilation, or protolith heterogeneity [Wang et al., 2014a] . Geochemistry, Geophysics, Geosystems 
Cr Isotope Compositions of the Mantle-Derived Rocks and Potential Isotope Fractionation During Chromite Crystallization
To this point, the mantle-derived rocks that have been studied for Cr isotope composition mainly include mantle peridotite xenoliths, ultramafic cumulates, and basalts [Schoenberg et al., 2008] . Farka s et al. [2013] observed that the Cr isotope compositions of 30 globally distributed chromites ((Fe, Mg)Cr 2 O 4 ) were slightly heavier than that of BSE. According to the authors, nearly all chromites were separated from host chromitites within ultramafic rocks at arc settings rather than directly from peridotites. Although the cause of the chromitite formation was still debated, the process of crystallization/precipitation of chromite with minor silicate and platinum-group minerals from the melt/fluid was widely accepted [Gonz alez-Jim enez et al., 2014a,b; Leblanc and Ceuleneer, 1991; Leblanc and Nicolas, 1992; Zhou et al., 1996 Zhou et al., , 2001 . Thus, chromites dominate the Cr elemental contents and isotope compositions in chromitites, compared to rare silicate phases and platinum-group minerals. The Cr isotope variation between the chromites and BSE might reflect isotope fractionation between chromite and melt.
To further investigate the possible difference between the Cr isotope compositions of mantle-derived peridotites and those of chromites, we evaluated the influence of chromites in mantle-derived peridotites controlling Cr isotope fractionation in the Luobusa chromite ore deposit and the harzburgites from western China. The d 53 Cr values of the studied samples increased in the following order: chromite-free peridotites (20.21& to 20.11&) < chromite-bearing peridotites (20.07&) < chromites (20.06&) (Figure 3 ). Two important points should be noted: (1) Cr isotope compositions of deep mantle rocks are identical to those of upper mantle rocks and mantle-derived silicates, suggesting homogeneous isotope compositions of the mantle sources at varying depths, even up to the mantle transition zone [Yang et al., 2014] ; (2) the observation of the heavy Cr isotope compositions of the chromites relative to those of the chromite-free peridotites indicates that Cr isotope fractionation may have occurred during crystallization of the chromite. This finding could be interpreted as resulting from the difference in oxidation states between chromites (mostly Cr 31 ) and residual ultrabasic or basic melt (dominated by Cr 21 ). Moreover, this observation is in accord with theoretical calculations by Moynier et al. [2011] . Given the limited range of variation in the Cr isotope composition of chromites from various sources observed in both this study and previous studies [Farka s et al., 2013; Schoenberg et al., 2008] , the potential Cr isotope fractionation between chromites and magma melt, if any, should be limited.
The main findings of this study are that there was little isotopic variability among the bulk rocks of metamorphic samples from the subducted continental crust and that their Cr isotope compositions were largely consistent with the value for BSE as defined by Schoenberg et al. [2008] . Chromium isotope fractionation during the metamorphic dehydration appeared to be limited owing to low activity of Cr 31 in subductionrelated fluids. Therefore, despite of possible small variations associated with the changes in the oxidation state, the largely BSE-like Cr isotopic characters in subducted continental crust could substantially persist to the mantle, or back to the surface, which would result in limited Cr isotope variations of orogenic orthometamorphites, or intraplate basalts.
Conclusions
The Cr isotope composition of metamorphic mafic rocks from different metamorphic zones of the Dabie orogen has been investigated. The BSE-like Cr isotope compositions of the studied homologous greenschists, amphibolites, and eclogites indicated no systematic fractionation associated with different degrees of metamorphic dehydration. However, the Cr isotopic variability of samples within the same metamorphic belt may reflect the effects of redox states changed by dehydration rather than protolith heterogeneity (i.e., magmatic differentiation). The heavier Cr isotope compositions of the metamorphic minerals that have been reported in previous studies reflected inter-mineral Cr isotope disequilibrium during metamorphism. Overall, our results confirm that the subducted continental crust could largely retain BSE-like Cr isotope compositions despite undergoing UHP prograde metamorphic dehydration and subsequent exhumation. The influence on Cr isotopes of the incorporation of subduction-related metamorphic rock or fluid into the mantle might be not significant.
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The Cr isotope compositions of cogenetic Luobusa chromitites and peridotites increased in the following order: chromite-free peridotites (20.21& to 20.11&) < chromite-bearing peridotite (20.07&) < chromitite (20.06&). Our data are consistent with the previous observation that mantle-derived chromites are isotopically heavier than BSE, implying potential isotope fractionation between chromite and silicate melt. The similarity in Cr isotope composition between the metamorphic rocks and the mantle-derived rocks provides further support for the suggestion that there is no resolvable Cr isotope fractionation during continental subduction.
